An interaction between gonadotroph and lactotroph cells of the pituitary gland has long been recognized in several species. The current study was conducted to investigate whether an association between gonadotrophs and lactotrophs occurs in mares and whether prolactin receptors are expressed within the pituitary gland of this species. The effects of both reproductive state and season on these variables were examined in pituitary glands obtained from sexually active mares in July (breeding season), sexually active mares in November (non-breeding season) and anoestrous mares in November. Pituitaries were dissected out immediately after death and immunofluorescent staining was carried out on 6 µm sections using specific antibodies to the LHβ subunit, FSHβ subunit, prolactin and prolactin receptor. Gonadotrophs were observed in both the pars distalis and pars tuberalis; although they appeared mostly as isolated cells, small groups of gonadotrophs were also identified in the pars distalis. In contrast, lactotrophs were observed only as clusters of cells exclusively in the pars distalis of sexually active and anoestrous mares in November and in most of the sexually active mares in July. A specific gonadotroph-lactotroph association was identified only between large isolated gonadotrophs and lactotroph clusters. Double immunofluorescent staining for FSHβ and prolactin revealed a similar gonadotroph-lactotroph association to the one detected for LH gonadotrophs. No statistical difference in the gonadotroph:lactotroph ratio was observed as a result of changes in reproductive status or season. However, a tendency for a simultaneous decrease in the number of gonadotrophs and an increase in the number of lactotrophs was detected in anoestrous animals. Prolactin receptor immunoreactivity was found in the pars distalis, but not in the pars tuberalis, of sexually active (July and November) and anoestrous animals for both long and short forms of the receptor. No prolactin receptor co-localization for either form of the receptor was observed in LH or FSH gonadotrophs in either of the reproductive states examined during both summer and winter seasons. Furthermore, no significant difference was apparent in the proportion of cells expressing prolactin receptors between mares of different reproductive state or season. The specific anatomical association between gonadotroph and lactotroph cells and the expression of prolactin receptors in the equine pituitary gland indicate a potential role of prolactin in the regulation of gonadotrophin secretion. However, the absence of evidence for co-localization of prolactin receptors in LH or FSH cells does not support the hypothesis of a direct effect of prolactin on the gonadotroph as reported in a short day breeder. The results raise the possibility that, in horses, an intermediate regulatory cell may mediate the action of prolactin on gonadotroph function.
al., 1997), sheep (Hamernik and Nett, 1988; Clarke et al., 1989) and primates (Knobil et al., 1980) , provides the primary brain signal for the release of LH and FSH from gonadotroph cells in the pituitary gland.
In addition to primary regulation of gonadotrophin secretion by hypothalamic GnRH, and modulatory inputs from the ovary (Irvine and Alexander, 1993) , uterus (Hughes et al., 1977) and various neuromodulators (Behrens et al., 1993; Aurich et al., 1995) , an intrapituitary mechanism of hormonal modulation has been suggested. An interaction between the gonadotrophic and prolactin axes has been recognized in other species (Denef and Andries, 1983; Tortonese et al., 1998) , and prolactin was proposed to participate directly within the pituitary gland to regulate gonadotrophin release (McNeilly, 1987) . Cell aggregates from rat pituitary glands initially provided evidence of cell to cell communication in the form of adherans junctions between closely apposed endocrine cells (Horvath et al., 1977; Van der Schueren et al., 1982) . Moreover, gonadotrophs in the pars distalis of the rat pituitary gland are also frequently found surrounded by lactotroph cell clusters, indicating a functional relationship between these types of cell (Horvath et al., 1977) . Evidence of a paracrine interaction between these cells was provided using a fluorescent molecule which freely passes through gap junction channels (Morand et al., 1996) . Immunofluorescently labelled prolactinsecreting cells communicate with both LH and FSH gonadotrophs through gap junctions between adjacent cells (Morand et al., 1996) . Additional evidence for this functional relationship was substantiated by studies using rat pituitary cell aggregates superfused with GnRH (Denef and Andries, 1983) ; gonadotrophs were shown to stimulate the secretory activity of the lactotrophs through the release of a paracrine humoral factor which stimulates prolactin release. Results from studies in ewes showed an inverse functional interaction. Gonadotroph cells of the ovine pituitary were also completely surrounded by lactotroph cells; however, the observation that gonadotrophs selectively express prolactin receptors (mRNA and protein) (Tortonese et al., 1996 (Tortonese et al., , 1998 indicates that prolactin released by lactotrophs of the sheep pituitary gland is able to affect the gonadotroph cells in which prolactin receptors are expressed.
Despite extensive work investigating pituitary regulation of gonadotrophin release in sheep, few studies have been carried out in horses. Differences in the time of year in which these species are reproductively active and the inverse relationship between their temporal patterns of gonadotrophin and prolactin release indicate that differences in the cellular associations of gonadotrophs and lactotrophs and/or the expression of prolactin receptors may underlie, at least in part, the intrapituitary regulation of the referred temporal patterns of gonadotrophin and prolactin secretion. Despite contrasting results in rats and sheep, a common pattern of gonadotroph-lactotroph association was evident, and it has therefore been proposed that the selective expression of prolactin receptors in the former may provide some morphological basis for the differential release of LH and FSH from a single cell.
Therefore, the present study was undertaken to investigate the presence of gonadotroph-lactotroph associations within the equine pituitary gland and to determine the effects of reproductive status and season on this association. In addition, the expression of prolactin receptors by cells of the pars distalis and pars tuberalis was examined in seasonally anoestrous animals and in cyclic mares during the breeding and non-breeding seasons.
Materials and Methods

Tissue collection
Horse pituitary glands were obtained from sexually mature mares during November and July. Mares were killed at an abattoir (Potters Abattoir, Bishop Sutton, Bristol) and a total of 18 pituitary glands (July, n = 7; November, n = 11) were dissected out immediately post mortem. A para-sagittal section was performed through the skull approximately 2-3 cm off midline to avoid damaging the structure of the pituitary gland to be removed from the hypophyseal fossa of the basisphenoid bone. The tissue was immersed in Bouin's fixative solution. Ovaries were also collected and a brief case history of the animal obtained; only healthy mares with no history of infertility were included. Pituitaries were cut either sagittally or transversely and placed into fresh Bouin's solution. After fixation for 36 h at room temperature, the tissue was transferred to 70% ethanol for approximately 16 h. The hemi-pituitaries were subsequently dehydrated in 90% methanol and a series of 100% ethanol solutions, placed in a cleaning solvent (Histoclear) and embedded in paraffin wax under vacuum conditions using an automatic processor (Shandon 2LE, Life Sciences International, Basingstoke). The sample produced was set in a wax block and sections were cut at 6 µm, mounted on vectorbond-coated slides (Vector Laboratories, Peterborough) and dried overnight at 37ЊC for immunofluorescent staining.
The reproductive status of the animals (sexually active or seasonally anoestrous) was determined by the morphology of the ovaries. The animal was considered to be sexually active on the basis of the presence of a recently formed corpus luteum, together with the presence of a large follicle (> 2 cm). In contrast, mares were considered to be anoestrous when no corpora lutea but a corpus albicans was observed in the gonad, and the follicles present were < 2 cm in diameter. All animals included in the study were sexually mature; when possible, Thoroughbred mares between 7 and 16 years of age were used.
Tissue selection
A total of 16 pituitary glands, selected from sexually active mares in July (n = 6), sexually active mares in November (n = 5) and seasonally anoestrous mares in November (n = 5) were used to examine the associations of gonadotroph and lactotroph cells. A total of 18 pituitary glands were used from sexually active mares in July (n = 7), sexually active mares in November (n = 5) and seasonally anoestrous mares in November (n = 6) to identify the proportion of cells expressing prolactin receptors during both reproductive states and seasons. Selection of these pituitaries was based on examination of the ovaries to include mares that had either just entered the luteal phase of their cycle or were anoestrous, and a brief case history of the animal was obtained. Only healthy mares with no history of infertility were included. Pituitaries with an intact stalk were used to ensure a good section of the pars tuberalis.
Immunocytochemistry
Immunocytochemistry was carried out on 6 µm sections of tissue; paraffin wax was removed and the sections were re-hydrated and washed in 0.05 mol Tris-buffered saline l -1 (TBS, pH 7.4).
Single immunofluorescent staining. For single immunofluorescent staining with monoclonal antibodies, nonspecific binding sites were blocked with normal goat serum (Vector Laboratories, Peterborough) for 1 h at room temperature. For single immunofluorescent staining with polyclonal antibodies, non-specific binding sites were blocked with normal donkey serum (Sigma-Aldridge Ltd, Poole). Both sera were used at a dilution of 1:5 in TBS (0.05 mol l -1 , pH 7.4). Sections were then incubated with primary antibodies for 24 h at 4ЊC in a humidity chamber. Preliminary studies determined the optimal working dilutions of the following antibodies: (i) rabbit polyclonal antibody raised in our laboratory against ovine prolactin (ASMcN R50; 1:1000); (ii) mouse monoclonal antibody specific to the bovine LHβ subunit (518 B7; 1:1000; a gift from Dr Jan F. Roser, University of California, Davis, CA, USA); (iii) mouse monoclonal antibody specific to the ovine FSHβ subunit (1:100; a gift from Dr Keith Henderson, AgResearch, Wallacevillle, New Zealand); (iv) polyclonal antibody to the extracellular domain of the rat prolactin receptors (PRL-R R120; 1:100); (v) polyclonal antibody specific to the intracellular domain of the rat long form prolactin receptor (PRL-R R118; 1:100); (vi) polyclonal antibody specific to a more distal section of the intracellular domain of the rat long form prolactin receptor (PRL-R R162; 1:100); and (vii) polyclonal antibody specific to the intracellular domain of the rat short form prolactin receptor (PRL-R R133; 1:100).
After incubation in the primary antibody for 24 h at 4ЊC in a humidity chamber, sections were washed (2 ϫ 5 min) in 0.1 mol PBS l -1 containing 0.1% bovine serum albumin (PBS-BSA, pH 7.6) and exposed to the secondary antibody. For polyclonal antibodies (prolactin or prolactin receptor), a fluorosceinconjugated donkey anti-rabbit serum was used (SAPU, Lanarkshire). For monoclonal antibodies (LHβ or FSHβ), a rhodamine-conjugated goat anti-mouse serum was used (Sigma-Aldridge Ltd). Both antibodies were diluted 1:20 in PBS-BSA. Incubation with secondary antibodies was carried out for 1 h at room temperature in a dark humidity chamber. Sections were washed in PBS-BSA buffer (4 ϫ 5 min) and covered using a fluorescent vectashield (Vector Laboratories).
Double immunofluorescent staining.
For double immunofluorescent staining, the prolactin polyclonal antibody was used in combination with either the LHβ monoclonal antibody or the FSHβ monoclonal antibody. The prolactin receptor polyclonal antibodies PRL-R120, PRL-R118, PRL-R162 and PRL-R133 were also used in combination with either the LHβ or the FSHβ monoclonal antibodies. Nonspecific binding sites were blocked with a combination of donkey and goat sera (diluted 1:1:3 in TBS) at room temperature for 1 h in a humidity chamber. Sections were then rinsed in PBS-BSA (2 ϫ 5 min) and 100 µl of the first antibody was applied (PRL, PRL-R120, PRL-R118, PRL-R162 or PRL-R133). After exposure to the first antibody for 20 min, 100 µl of the other primary antibody (LHβ or FSHβ) was added and the sections were incubated for 24 h at 4ЊC in a humidity chamber. After exposure to the primary antibodies, sections were washed in PBS-BSA (2 ϫ 5 min), before sequential incubation in the secondary antibodies (1:20 dilutions of rhodamine-conjugated goat anti-mouse and fluoroscein-conjugated donkey anti-rabbit) was carried out for 1 h each, at room temperature in a dark humidity chamber. Slides were washed sequentially in PBS (4 ϫ 5 min) and covered with a fluorescent vectashield.
For both single and double staining, control sections in which the primary antibodies were either omitted or replaced by normal rabbit serum or normal goat serum were included in each staining run.
Non-fluorescent staining. Non-fluorescent staining was carried out on 6 µm sections of tissue to determine the proportion of cells expressing prolactin receptors in the equine pituitary gland. Paraffin wax was removed and the sections were rehydrated, washed in TBS (0.05 mol l -1 , pH 7.4, 2 ϫ 10 min) and blocked for 20 min for endogenous peroxidase (4:1; 3% H 2 O 2 :methanol). Slides were rinsed briefly with TBS and incubated in normal goat serum (1:5) for 24 h at 4ЊC in a humidity chamber. Each section was blotted on damp blotting paper (dampened with TBS) and incubated with 100 µl PRL-R120 antibody for 2 h in a humidity chamber at room temperature. The sections were rinsed briefly in PBS-BSA, washed (3 ϫ 5 min in PBS-BSA) and goat anti-rabbit horseradish peroxidase was applied (1:100; for 2 h at room temperature). Sections were washed (3 ϫ 5 min) in PBS-BSA and developed in 3,3'-diaminobenzidine (DAB; 10 min). DAB was removed by rinsing in distilled water and counterstaining was carried out by immersion in haematoxylin (3 min). Excess stain was removed by washing in distilled water and a continuous flow of tap water (slightly alkaline) and subsequently differentiating in acid alcohol. Sections were placed in tap water containing sodium bicarbonate (2 min) to neutralize the effects of the acid, causing bluing of the section and enhancing the coloration of the specimen. After a final rinse in distilled water and dehydration, sections were covered using DePeX (Merck Ltd, Poole).
Qualitative and quantitative analyses
Gonadotroph-lactotroph associations in the pituitary gland were examined microscopically using a fluorescent microscope (Leica) and specific light filters. Photographs of immunofluorescent stainings were taken using a Leica camera and 400 ASA Fujichrome film (magnification ϫ 40). The proportion of gonadotroph-lactotroph cells was determined histomorphometrically, using 12 fields (4 mm ϫ 2 mm) per pituitary for each of the following groups: sexually active mares killed in July (n = 6); sexually active mares killed in November (n = 5) and anoestrous mares killed in November (n = 5). The proportion of cells within the pituitary gland expressing prolactin receptors was calculated from a total of 30 fields (1 mm 2 ; magnification ϫ 40) per pituitary.
Statistical analysis
The effects of reproductive status and time of year on both the ratio of gonadotroph:lactotroph cells and the expression of prolactin receptors in the equine pituitary gland was examined by ANOVA.
Results
Gonadotroph-lactotroph cell associations
The distribution and association of gonadotroph and lactotroph cells in the equine pituitary gland was examined by immunocytochemistry. Single immunofluorescent staining of the lactotrophs using a polyclonal antibody to ovine prolactin revealed immunoreactivity in cells localized within the pars distalis of the pituitary gland (Fig. 1a-f ). The arrangement of the immunoreactive cells revealed the presence of lactotroph cell clusters, which could be observed within the pars distalis of both the sexually active (July, Fig.  1a ; November, Fig. 1b ) and the seasonally anoestrous animal (Fig. 1c) . In sexually active and anoestrous animals killed in November (Fig. 1m) , no prolactin immunoreactivity was detected within the pars tuberalis of the pituitary gland. This absence of immunoreactivity in the pars tuberalis was also observed in six of the seven sexually active mares killed in July; however, in one sexually active mare killed in July, lactotroph cells were present within both the pars distalis and the pars tuberalis (Fig. 1j) of the pituitary gland.
Gonadotroph cell distribution was examined using immunofluorescent staining with monoclonal antibodies specific to the bovine LHβ subunit (Fig. 1a-c) and the ovine FSHβ subunit (Fig. 1d-f) . Immunoreactive FSH and LH gonadotrophs were located in both the pars distalis (Fig.  1a-i ) and the pars tuberalis (Fig. 1j,m) of the equine pituitary gland. Most of these gonadotrophs were identified as isolated cells; however, small clusters of gonadotroph cells could also be observed. Double immunofluorescent staining with the polyclonal prolactin antibody and monoclonal antibodies specific to the LHβ or FSHβ subunits provided evidence of a close association between gonadotrophs and lactotrophs in the pars distalis of the equine pituitary gland (Fig. 1a-f) . Isolated LH or FSH gonadotroph cells appeared to be situated within the lactotroph cell clusters, whereas small groups of gonadotrophs were observed in areas less densely populated by lactotrophs (Fig. 1b) . This association between gonadotrophs and lactotrophs was not observed within the pars tuberalis in which lactotroph cells were not expressed (Fig.  1m) ; even when lactotroph cells were present ( Fig. 1j ; July sexually active mare), no association was found between the two types of cell in this region. The gonadotroph:lactotroph ratio was examined histomorphometrically in sexually active mares in November and July and seasonally anoestrous mares in November by counting both the number of gonadotroph and lactotroph cells in 12 regions of the pituitary gland. The calculated ratio of gonadotroph: lactotroph cells was analysed statistically by ANOVA. The results showed no statistical difference in the ratio of gonadotroph:lactotroph cells between sexually active and seasonally anoestrous mares. Despite this finding, a trend was observed in the number of gonadotroph and lactotroph cells present in relation to season and reproductive status. There was a tendency for the average number of gonadotrophs to decrease in anoestrous mares in November (Fig.  2a ) which corresponded to a tendency for the average number of lactotroph cells to increase (Fig. 2b) . Owing to the greater number of lactotrophs present within the pars distalis (average > 800 cells per slide) with respect to the number of gonadotrophs (average < 160 cells per slide), an overall decrease was observed in the ratio of gonadotroph: lactotroph cells (gonadotroph:lactotroph ratio in sexually active mares in July and November and in anoestrous mares, 0.18, 0.14 and 0.10, respectively) (Fig. 2c) .
Prolactin receptor expression
Single immunofluorescent staining with polyclonal antibodies specific to the rat prolactin receptor was used to determine the expression and distribution of prolactin receptors within the equine pituitary gland. The polyclonal R120 antibody to the rat liver prolactin receptor recognizes both the long and short forms of the receptor (Nevalainen et al., 1996) . The polyclonal R118 and R162 antibodies are specific to the intracellular domain of the long form prolactin receptor, whereas the polyclonal R133 antibody is specific to the intracellular domain of the short form prolactin receptor. Positive immunoreactive staining in specific cells provided evidence of prolactin receptor expression in the pars distalis of the equine pituitary gland (Fig. 1g-i) , whereas no staining for prolactin receptors was observed within the pars tuberalis. However, prolactin receptors were observed within the zona tuberalis at the base of the pituitary stalk. The staining with PRL-R120 antibody was similar to that detected with the R118 and R162 antibodies, indicating that the long form of the receptor is predominantly expressed. The expression of both long and short form prolactin receptors would also appear to be a feature of cells of the equine pars distalis, as specific staining was observed with all of these antibodies. Double immunofluorescent staining with PRL-R120, PRL-R118, PRL-R162 or PRL-R133 antibodies and monoclonal antibodies to the LHβ or FSHβ subunits was used to determine whether gonadotroph cells of the equine pituitary gland expressed prolactin receptors. Results showed that no 
(l) Fig. 1 . Double immunofluorescent staining for LHβ and prolactin in the equine pars distalis of a sexually active mare in July (a), a sexually active mare in November (b) and an anoestrous mare in November (c); for FSHβ and prolactin in the pars distalis of a sexually active mare in July (d), a sexually active mare in November (e) and an anoestrous mare in November (f); and for LHβ and prolactin receptors in the pars distalis of a sexually active mare in July (g), a sexually active mare in November (h), and an anoestrous mare in November (i). Double immunofluorescent staining for LHβ and prolactin in the equine pars tuberalis of a sexually active mare in July (j) and an anoestrous mare in November (m). Note that: (i) lactotroph cells are always observed as cell clusters (arrow in a and middle arrow in b); (ii) gonadotroph cells are detected mostly as isolated cells, although small gonadotroph clusters can also be observed in areas less densely populated by lactotrophs (lower arrow in b); (iii) a close gonadotroph-lactotroph association can be observed in the pars distalis in which lactotroph cell clusters completely surround isolated gonadotroph cells (arrow in c and upper arrow in b); (iv) a similar association was observed when staining for FSHβ and prolactin (arrow in d); (v) prolactin receptors were expressed in the pars distalis of the equine pituitary gland, but no prolactin receptor co-localization was detected in LH gonadotrophs in any of the reproductive states (g-i); (vi) gonadotroph cells were expressed in the pars distalis of both sexually active and anoestrous animals (j,m); however, lactotroph cells were expressed in the pars tuberalis of only one sexually active mare in July (arrow in j). No staining was observed in control sections for the fluoroscein-conjugated anti-rabbit (k) or the rhodamine-conjugated anti-mouse (l), in which the first antibodies were omitted or replaced by normal mouse serum or normal rabbit serum. Scale bar represents 100 µm.
prolactin receptor co-localization was observed (with any of the prolactin receptor antibodies) in LH or FSH gonadotrophs in either seasonally anoestrous or sexually active animals during the breeding or non-breeding seasons ( Fig. 1g-i) . Sections of pituitary glands from 18 mares were counterstained using the PRL-R120 antibody and haematoxylin to determine whether the density of prolactin receptor expression differed between sexually active and seasonally anoestrous mares. The sections were examined using a light microscope and cells staining positively for prolactin receptors in the pars distalis were counted in five fields for each of the six regions of the pituitary gland. The total number of cells was also quantified and the percentage of cells within those regions expressing prolactin receptors was calculated. No significant difference was observed in the proportion of cells expressing prolactin receptors in mares that were sexually active or seasonally anoestrous. Furthermore, seasonal changes did not alter the expression of prolactin receptors as no difference was detected in the percentage of cells expressing prolactin receptors between sexually active mares in July and November (Fig. 3) .
No staining was detected in the control sections for fluoroscein- (Fig. 1k) or rhodamine-conjugated (Fig. 1l) secondary antibodies in which primary antibodies had either been omitted or replaced by normal mouse or normal rabbit serum.
Discussion
This study provides evidence for the presence of a distinct gonadotroph-lactotroph association within the equine pituitary gland. This finding is consistent with observations in other species such as sheep (Tortonese et al., 1998) and rats (Horvath et al., 1977; Morand et al., 1996) . Lactotroph cells were identified as cell clusters and localized within the pars distalis of the equine pituitary gland of both sexually active (November and July) and seasonally anoestrous mares 228 S. J. Gregory et al. (November). Lactotroph clusters are also present in the adenohypophysis of the sheep (Tortonese et al., 1998) and rat pituitary, in which angular prolactin-secreting cells are observed (Horvath et al., 1977) . In both seasonally anoestrous and sexually active mares in November, lactotroph cells were only present in the pars distalis. This arrangement was also detected in six of seven of the sexually active mares in July. However, in one sexually active mare in July, not only were lactotroph clusters observed in the pars distalis of the pituitary gland, but also more isolated lactotroph cells were identified within the pars tuberalis, illustrating that during the peak breeding season some individuals may possess the ability to express prolactin-secreting cells selectively within the pars tuberalis. Conversely, the average number of lactotroph cells in the pars distalis showed a decreasing trend in sexually active mares compared with anoestrous animals. The overall number of lactotrophs in the equine pituitary gland was greatest in seasonally anoestrous animals, showing a tendency for a gradual decrease in number in sexually active mares in November and in sexually active mares in July.
Gonadotroph cells were detected in both the pars distalis and the pars tuberalis of the equine pituitary. Equine gonadotrophs were particularly large compared with those of sheep (Tortonese et al., 1998) , although large vacuolated signet ring-like gonadotroph cells have been identified in rats (Horvath et al., 1977) . Both sexually active and seasonally anoestrous animals showed LH and FSH immunoreactivity for isolated gonadotrophs in both the pars distalis and the pars tuberalis. A trend for an increasing number of gonadotroph cells was detected in sexually active mares in July compared with sexually active and seasonally anoestrous animals in November, although the difference between the three groups did not reach statistical significance. In addition to isolated cells, small clusters of gonadotrophs were identified in the pars distalis but not the pars tuberalis of the equine pituitary. These clusters may play a role in the regulation of various distinctive features unique to the reproductive cycle of the horse. For example, unlike sheep, horses appear to be insensitive to down regulation of GnRH receptor (Porter et al., 1997) . It can be hypothesized that the unique prolonged LH surge occurring during the follicular phase of the oestrous cycle of the mare may be, at least in part, a result of inner cell shielding of gonadotroph cells and their GnRH receptors, preventing desensitization as occurs in other species (Heber et al., 1982) . No apparent differences were observed in the gonadotroph clusters of the pars distalis between sexually active (July or November) and seasonally anoestrous mares. Double immunofluorescent staining provided evidence that there is a close gonadotroph-lactotroph association in the pars distalis of the equine pituitary gland. The isolated LH or FSH gonadotroph cells appeared to be situated within lactotroph cell clusters. This association was examined further by determining the number of gonadotroph and lactotroph cells in the same field (n = 12 per pituitary) for the three experimental groups. No statistical difference was observed in the overall ratio of gonadotroph:lactotroph cells between mares that were seasonally anoestrous and those that were sexually active in either November or July.
However, a trend was detected for a higher gonadotroph:lactotroph ratio in the sexually active mares in July compared with the sexually active or seasonally anoestrous mares in November. This finding indicates that the change in the number of gonadotroph-lactotroph interactions occurring in sexually active mares during the peak breeding season (July) is small. However, in anoestrous mares, gonadotrophin secretion is still declining in November and minimal concentrations are reached in January; therefore, the possibility that larger differences between groups may be observed by using animals in peak anoestrus cannot be ruled out completely. The presence of a gonadotroph-lactotroph association provides morphological evidence for a paracrine regulation of gonadotrophin secretion by the lactotroph cells (or vice versa); however, this does not appear to change as a result of changes in reproductive status. Evidence for the presence of such a paracrine mechanism has been detected in other species. In rodents, small adherent junctions between gonadotrophs and lactotrophs have been reported (Horvath et al., 1977; Van der Schueren et al., 1982) and pituitary cell aggregates superfused with GnRH showed a rapid and sustained increase in prolactin secretion (Denef and Andries, 1983) . Results indicated that GnRH was capable of stimulating prolactin release, not by a direct action on the lactotrophs, but through a stimulus transfer from the gonadotroph to the lactotroph (Denef and Andries, 1983) . Conversely, the possibility that lactotroph cells possess the ability to affect gonadotrophs must also be considered. Recent studies provided evidence that prolactin may affect gonadotroph function as gonadotroph cells were found to be completely surrounded by lactotroph clusters and to express prolactin receptors (mRNA and protein) selectively (Tortonese et al., 1996 (Tortonese et al., , 1998 . This evidence substantiated results from studies in rats in which, in addition to the well-documented inhibitory effects of hyperprolactinaemia on gonadotrophin secretion in vivo (McNeilly et al., 1978) , prolactin was shown to be capable of suppressing basal and GnRH-stimulated LH secretion in vitro (Smith, 1982) . Subsequent evidence of communication between cells of the anterior pituitary was provided by using a fluorescent molecule which passes freely through gap junction channels. Rat anterior pituitary cells showed a high level of coupling through gap junctions and immunofluorescently labelled prolactin-secreting cells communicated with both LH and FSH gonadotrophs (Morand et al., 1996) . In horses, it has been observed that immunoreactive gonadotroph and lactotroph cells are often in close proximity to another type of cell. Considering that numerous prolactin-secreting cells make contact with folliculostellate cells (Morand et al., 1996) , it is possible that rather than a direct action of the gonadotrophs upon the lactotrophs (as has been suggested in rodents; Denef and Andries, 1983) or of lactotrophs upon the gonadotrophs (as has been suggested in sheep; Tortonese et al., 1998) , a third mediatory cell may be involved in integrating the signal from one type of cell to the other.
The aforementioned cytological configuration observed in horses supports previous evidence for the presence of intrapituitary communication between the gonadotroph and lactotroph cells. Lactotrophs were not present in the pars tuberalis of seasonally anoestrous and sexually active animals in November, thus the gonadotroph-lactotroph cellular communication is not present in this region of the pituitary gland. The absence of this specific interaction may have implications in the proposed short-loop feedback mechanism of LH upon GnRH secretion from neuronal terminals in the median eminence. Indeed the presence of gonadotrophs in the pars tuberalis of the mare, and the lack of a gonadotroph-lactotroph association, indicates that LHsecreting gonadotrophs in the pars tuberalis that are unaffected by any modulation of lactotrophs may be capable of participating in a short-loop feedback in this species. Although the mechanism by which LH short-loop feedback operates is yet to be established, both retrograde flow of LHcontaining blood in the portal vasculature (Oliver et al., 1977) and diffusion of LH from cells of the pars tuberalis to the median eminence (Nakazawa et al., 1991) have been proposed. It must be noted that, in one sexually active mare in the present study, isolated lactotroph cells were detected within the pars tuberalis. Despite this, gonadotrophlactotroph interactions were not observed and so it is unlikely that any paracrine regulatory function with respect to gonadotrophin release would operate at this level.
The expression of prolactin receptors within the equine pituitary gland was also examined in the present study to investigate further the possible paracrine interaction between gonadotrophs and lactotrophs. Prolactin receptor immunoreactivity was detected in the pars distalis of the pituitary gland using polyclonal antibodies specific to the rat liver prolactin receptors. Prolactin receptors were also observed within the zona tuberalis of the equine pituitary gland. In sheep, the zona tuberalis is rich in melatonin binding sites (Skinner and Robinson, 1995) . The presence of melatonin and prolactin receptors in a region densely populated by gonadotrophs provides morphological evidence that prolactin may participate in the regulation of photoperiodic changes in gonadotrophin secretion. Prolactin is known to exert its biological actions via membrane bound receptors, of which two forms (long and short) have been identified in rats (Boutin et al., 1988; Shirota et al., 1990) . The polyclonal rat PRL-R120 antibody recognizes both the long and short forms of the receptor (Nevalainen et al., 1996) , whereas the polyclonal PRL-R118 and PRL-R162 antibodies are specific to the intracellular domain of the long form prolactin receptor, and the PRL-R133 antibody recognizes the intracellular domain of the short form prolactin receptor. The short (Boutin et al., 1988) and long (Shirota et al., 1990) prolactin receptors differ in the length and sequence of their cytoplasmic domains. Similar staining with the PRL-R120, PRL-R118 and PRL-R162 antibodies was seen in the equine pituitary, indicating that the long form prolactin receptor is likely to be predominantly expressed. Immunofluorescent staining was also observed with PRL-R133 antibody, indicating that in addition to the expression of the long form of the prolactin receptor (as seen in sheep), the short form (as seen in rats) is also present within the pars distalis of the equine pituitary gland. No statistical difference in the density or distribution of prolactin receptor expression was detected in any of the different reproductive states, irrespective of the time of year samples were taken. This finding supports studies in the sheep in which expression of prolactin receptor mRNA transcripts did not differ between sexually active or seasonally anoestrous ewes (Tortonese et al., 1998) . Double immunofluorescent staining was carried out using all of the polyclonal prolactin receptor antibodies in combination with either LHβ or FSHβ monoclonal antibodies to determine whether a direct paracrine interaction between gonadotroph and lactotroph cells may operate in the horse, as proposed for sheep. In all cases, the prolactin receptor was not expressed by the gonadotrophs of the pars distalis of the equine pituitary gland. Contrary to this finding, specific localization of the prolactin receptor (using the same antibodies) was detected only in gonadotrophs of the pars distalis and pars tuberalis of the sheep pituitary (Tortonese et al., 1998) , thus providing evidence that the lactotroph cells of the sheep pituitary gland have the ability to influence the secretory activity of encompassed gonadotroph cells. The absence of colocalization reported in the present study, for both sexually active (July and November) and seasonally anoestrous (November) animals, indicates that if lactotroph cells of the horse pituitary are able to affect the secretory activity of the gonadotroph, either a third mediatory cell must be involved or the effect is not mediated by prolactin. Therefore, it may be hypothesized that since prolactin may exert an inhibitory action on gonadotrophin secretion, the absence of prolactin receptor co-localization in equine gonadotrophs may contribute to the prolonged LH surge seen during the follicular phase of the oestrous cycle. In sheep, prolactin may exert a direct effect upon the preovulatory LH surge, affecting gonadotrophin secretion at the pituitary via interactions with the prolactin receptors expressed by the gonadotrophs. This is substantiated by the fact that, in this species, the GnRH surge is more than twice the duration of the LH surge (Caraty et al., 1995; Moenter et al., 1990) . Whether the expression of prolactin receptors by another type of cell in close proximity to the gonadotroph cells provides an integrated system that regulates the effects of prolactin on the gonadotrophs is not yet known. Whether this system contributes to other features of the reproductive cycle of the mare, such as the LH surge that occurs during pregnancy and the robust FSH surge during the midluteal phase, also remains unclear. However, the specific gonadotroph-lactotroph association observed within the pituitary and the expression of prolactin receptors indicates that interactions do occur between these two types of cell. Furthermore, the ability of prolactin to influence gonadotroph cells of both sexually active (July and November) and seasonally anoestrous (November) mares through a paracrine mechanism involving another type of cell, or through direct cellular contact that does not involve prolactin, may play an important role in the regulation of gonadotrophin secretion and therefore the reproductive function of this species.
